How sedentary time (ST) relates to total and regional adiposity and whether these associations are independent of moderate-to-vigorous physical activity (MVPA) are of clinical and public health interest. We assessed the relationship between objectively measured MVPA, ST and ST breaks in adults at risk of type 2 diabetes (T2D).
Introduction
Sedentary time (ST) has been related to cardiometabolic risk factors, independent of moderateto vigorous-intensity physical activity (MVPA) (Henson et al 2013 , Cooper et al 2014 , van der Berg et al 2016 and recent systematic reviews have associated ST to diabetes incidence and both specific and all-cause mortality (Wilmot et al 2012 , Biswas et al 2015 . Anthropometric measurements such as body mass index (BMI) and waist circumference (WC) have shown conflicting associations with ST (5-7). For example, Van Dyck and colleagues reported that objectively measured ST was not related to BMI after controlling for MVPA in a sample of adults from 12 countries (Dyck et al 2015) while data from the Whitehall II study in the UK revealed no association between self-reported context specific sitting and BMI (Pulsford et al 2013) . However, data from NHANES in the US showed that self-reported sitting time was associated with BMI and WC and more so in those who reported no weekly MVPA (Staiano et al 2014) . Prospectively, MVPA and ST have been shown to have independent effects on anthropometric and bioimpedance based indices in adults at risk of diabetes (Golubic et al 2014) . These discrepancies may be due to errors/limitations in the anthropometric measurements used and often methods such as dual energy x-ray absorptiometry (DXA) are used as a more detailed assessment of regional and whole body adiposity. Less attention has been given to how ST relates to total and regional adiposity and whether any relationships exists independent of objectively measured MVPA.
Along with traditional cardiometabolic risk factors, obesity status is also a key risk factor for type 2 diabetes development (Carey et al 1997) . Although typically obesity is assessed using a single, or combination of, anthropometric measurement these measurements cannot distinguish between fat mass and fat free (lean) mass; a decline in the latter is related to functional impairment and mortality while detailed assessment of fat location has shown that trunk fat (deleterious) and leg fat (beneficial) are associated with cardiometabolic risk factors in different directions (Hu et al 2011) , As ST has been related to diabetes risk in adults (Wilmot et al 2012 , Biswas et al 2015 , we aimed to investigate whether objectively measured ST and MVPA are related to total and regional adiposity measured by DXA in adults at risk of type 2 diabetes.
Methods

Study sample
The original sample consisted of a convenience sub-sample of adults recruited from 10 primary care practices in Leicestershire, UK for the study 'Walking Away from Diabetes' (Yates et al 2012) . This study has been described elsewhere but in brief it was a randomised controlled trial (RCT) offering education plus self-monitoring of physical activity for those at risk of type 2 diabetes (Yates et al 2012) . Participants were identified as being at high risk of impaired glucose regulation or type 2 diabetes using a modified version of the automated Leicester Diabetes Risk Score (Gray et al 2010) for the primary care setting. Those at or above the 90th percentile of a weighted risk score (using age, sex, ethnicity, BMI, family history of diabetes and medication status) were invited to participate. Ethics and research governance approvals were granted by the Nottingham Research Ethics Committee and Leicestershire, Northamptonshire and Rutland Comprehensive Local Research Network. Written informed consent was obtained from all eligible participants. All measurements were performed by the same team of trained staff who followed identical standard operating procedures.
Participants
The original sample was 185 adults. The analytical sample in the present analysis was 163 due to exclusion of participants not providing valid accelerometry data (n = 22). There were no statistical (p > 0.05) differences in age (61.4 versus 64.7 years; p < 0.094), BMI (34.5 versus 31.9 kg m −2 ; p < 0.095), sex or ethnicity between participants not providing valid accelerometer than those in the analytical sample.
Total and regional adiposity
Each subject underwent a DXA scan on a Lunar Prodigy (GE Corporation, USA), software enCORE 2010. DXA utilises a technology by which the attenuation of radiation at 2 energies is used to determine 2 components of the attenuating tissue, either bone and soft tissue or lean soft tissue and fat. DXA has been validated as a measure of body fat in obese and normal weight individuals (Paradisi et al 1999 , Bertin et al 2000 and as such is considered to be one of the gold standard measurements for determining body composition. In addition, regional analysis of DXA scans limited to the abdominal area (specifically the region between the top of the first to the bottom of the fourth lumbar vertebrae, L1-L4), has been demonstrated to provide a reasonably valid measure of abdominal adiposity in comparison to CT scans (Svendsen et al 1993) . Estimates of total and regional (appendages and trunk) fat mass were obtained, including the abdominal (android) and hip/thigh (gynoid) regions.
Physical activity and sedentary behaviour
Each participant wore an Actigraph GT3X (Actigraph LLC, Pensacola, Fl, USA) for 7 d full days during waking hours on the right midaxillary line on an elasticated waistband. Published cut-points (Freedson et al 1998) were applied to the vertical axis activity count data to categorise 15 s epochs into time spent in MVPA (⩾488 counts/15 s epoch) and ST (<25 counts/15 s epoch). Breaks in sedentary time (hereafter called 'breaks' (quantified as number of day per day) were also calculated as an interruption in ST that was ⩾25 counts/15 s epoch. Accelerometer non-wear time was defined as a minimum of 60 min of continuous zero counts. Participants with ⩾4 valid days (a valid day was defined as ⩾600 min of wear time) were included in the present analysis. All accelerometer-derived variables were computed by summing the values over all valid days and calculating the mean value per valid day. KineSoft version 3.3.76 data analysis tool (Kinesoft, New Brunswick, Canada; available from www. kinesoft.org) was used to process the accelerometer data.
Covariates
Age, ethnicity and smoking status were obtained from an interviewer (trained healthcare professional) administered questionnaire.
Statistical analysis
Multiple regression analysis was used to investigate associations between the accelerometer variables (min d −1 of MVPA, and ST and number of breaks d
) with total and regional adiposity variables. Analyses were completed without and with adjustment for known and potential confounders. Model 1 included accelerometer wear time as the only covariate. Model 2 also included age, sex, group (intervention/control), ethnicity, current smoking status, total lean mass, and ST (for MVPA analysis) or MVPA (for both the ST and the breaks analyses). Sex-byvariable (not significant; p > 0.01) and age-by-variable interactions were tested and only the age-by-variable interactions were significant and were retained in the analysis. As the sample was not large enough to stratify by both age and sex groups we decided to stratify by age group only (as often physical activity and sedentary guidelines will be age group and not sex specific). Significance was set at p < 0.05 (two-tailed) for main effects and p < 0.008 for interactions. All analyses were completed using SAS v9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Characteristics of the sample are presented in table 1. This sample being an at risk group was evidenced by 27% having impaired glucose regulation (having one or both of impaired fasting glucose and impaired glucose tolerance using an oral glucose tolerance test at clinic visit), 36% having a self-reported family history of diabetes, the sample as a whole spending an average of over 10 h sedentary per day and 44% of the sample meeting the recommended 30 min d −1 of MVPA. Table 2 Except for leg fat mass (b = 94.5; p < 0.001), sedentary breaks were not significantly related to the other adiposity before or after adjustment. However, when breaks were included instead of MVPA as a covariate in the ST analysis, ST still remained significant (results not shown).
The fully adjusted MVPA models for total, android, gynoid and trunk fat showed a significant age by-MVPA interaction (p < 0.008) indicating that the relationships between MVPA and these adiposity variables are different at different ages. Table 3 shows the unadjusted and adjusted associations between the adiposity variables and MVPA stratified by age grouping. Similar to the results in table 2, the unadjusted models were significant for all variables for both age groups. However, when ST and other covariates were added to the model the results seen in table 2 were only mirrored for those in the under 65 group. For those in the over 65 group the models did not remain significant when ST and other covariates were added. Mean MVPA was not significantly different (p = 0.33) for the younger and older groups was 40. 
Discussion
In this sample of UK adults at risk of type 2 diabetes, ST was not associated to DXA assessed adiposity independent of MVPA and other key covariates. In younger adults (those under 65 years old) at risk of type 2 diabetes, MVPA was negatively related to adiposity independent of ST and other key covariates. However, in adults over 65 year of age the 'good' relationship between MVPA and adiposity was attenuated once ST was taken into account.
The deleterious cardiometabolic effects of ST have been given much attention recently with a new emphasis on the use of a whole spectrum approach to activity related research (Bouchard et al 2015, Lynch and Owen 2015) . The impact of ST on adiposity is less clear and is burdened by the variety of methods to assess ST (including the historical use of its proxy TV viewing) and how adiposity is estimated. As mentioned above, anthropometric measurements have showed differing associations with ST even in large international samples (Thorp et al 2009 , Pulsford et al 2013 , Staiano et al 2014 , Dyck et al 2015 . Prospective cohort studies have found that higher time spent watching TV at baseline was associated with elevated risk of obesity (defined using BMI) and type 2 diabetes (Hu et al 2003) . Similar to previous analysis of older community dwelling adults (Foong et al 2014) herein we have shown that ST is not related to measures of adiposity using DXA once MVPA and other key covariates, including lean body mass, are taken into account. Therefore, this study suggests that breaks in ST rather than total ST per se may be an important factor in the regulation of body weight. A more robust analysis requires assessment of depot-specific adiposity stores using the gold standard of MRI or CT. Our group has previous shown that ST is indeed related to the specific depots of fat in the heart, liver and visceral region but not with MRI assessed subcutaneous and whole body fat after adjustment for MVPA and glycemia in adults at high risk of type 2 diabetes (Henson et al 2014) . Similarly, sitting time has also been associated with CT assessed pericardial fat in older adults (Larsen et al 2014) . This would suggest that ST has a different relationship with these ectopic stores.
The significant relationship between MVPA and adiposity is unsurprising as MVPA is recommended for weight control. Work on older adults related MVPA to DXA variables Associations between accelerometer variables and adiposity measures in 163 UK adults. (Foong et al 2014) and previous analyses found that MVPA was related to BMI even after ST adjustment (Henson et al 2013 , Dyck et al 2015 . We have extended these findings using an at risk population recruited from primary care and using an objective assessment of MVPA and a gold standard assessment of adiposity. Breaking up ST has been postulated as a way to negate the negative cardiometabolic effects of sitting too much. This is backed by some epidemiological and experimental evidence (Healy et al 2008 , Dunstan et al 2012 , Henson et al 2015 although a recent large analysis of older adults with and without diabetes no or weak relationships with cardiometabolic outcomes (van der Berg et al 2016). From a weight control standpoint, epidemiological evidence would suggest that breaks in sitting could be beneficial to the WC of adults who may be at risk of chronic disease (Healy et al 2008) and for body fat levels of healthy older adults (Chastin et al 2012) . Similar to the study by Chastain et al (2012) we used the more detailed assessment of adiposity using DXA however their sedentary breaks (called fragmentation of sedentary hours) was assessed by ActivPAL which may be a more valid assessment of breaks than applying cut-points to Actigraph acceleration data (Lyden et al 2012) .
Epidemiological evidence from adults over 65 years old in NHANES showed that the deleterious relationship between ST and both BMI and WC existed even in those older adults who were sufficiently active (Gennuso et al 2013) . In our sample as a whole (mean age 65 years) we could not corroborate these previous findings. However, the interaction effect of age suggests that the adiposity-related benefits of MVPA in older adults may be reduced due to their engagement in ST. Our finding of an age effect was not seen by Cooper et al in adults aged 40-69 years who were newly diagnosed with type 2 diabetes (Cooper et al 2014) but was by Foong et al in older adults (mean age 66 years) (Foong et al 2014) . Sitting and physical activity have distinct associations with regional fat deposition in older (mean age 65 years) adults (Larsen et al 2014) . Bann et al found that relationship between BMI (and not fat mass) and ST in an older sample (mean age ~79 years old) was as expected (higher ST related to higher BMI) but did not investigate whether this was independent of MVPA due to the low levels of MVPA in their sample (Bann et al 2015) . Although there was a ~7 min d −1 difference in MVPA between the younger and older group herein, the over 65 group still accumulated 33 min d −1 of MVPA which is over the recommended level. The strengths of this analysis are the objective assessment of physical activity and sedentary behaviour using accelerometry. Gold standard measure of adiposity, high risk population, scans performed by the same individuals according to standardised procedures. Also, this population are ones that have been encouraged to reduce the time they spend sitting in an effort to reduce diabetes risk (National Institute for Health and Care Excellence 2012). The limitations of this analysis are its cross-sectional nature, meaning we cannot infer causality; reverse causality remains a possibility as the relationship between sedentary time and adiposity may be bidirectional, and the relatively small sample size which precluded us from stratifying the analysis by both age and sex may also restrict the external validity of the findings. Although, unlike other studies, we have an objective assessment of ST our device of choice estimates ST based on a lack of movement rather that a direct measure of body posture and does not give a clear distinction between time spent sitting and standing. Accelerometers rely on categorising movement (acceleration), as opposed to distinguishing between specific postures (sitting, lying and standing behaviours), which may lead to an under-estimation of the true association between sedentary time and markers of adiposity. Unmeasured lifestyle measures (par ticularly snacking) may have also confounded observed relationships.
Conclusion
Moderate-to-vigorous intensity physical activity is emphasised for weight control and overall good health, particularly in those younger than 65 years at risk of type 2 diabetes. In this sample of adults at risk of type 2 diabetes, MVPA, and not sedentary time, was associated with total and regional adiposity after adjustment for each other. Breaks in ST were not related to adiposity save for leg fat. However, older adults at risk of type 2 diabetes may gain weight related benefits from reducing ST as well as increasing their daily MVPA. Similar to the suggestions by researchers working with people with established type 2 diabetes (Cooper et al 2014 , van der Berg et al 2016 and with older adults (Gennuso et al 2013) we recommend that those at risk of type 2 diabetes, particularly older adults, should be supported in becoming and staying physically active at all intensities i.e. increase MVPA and reduce time spent sedentary. 
